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Abstract. To assess energy use efficiency of hybrids maize as influenced by tillage methods 
and plant density. A field experiment was carried out at research field of National Maize Research 
Program (NMRP), Rampur, Chitwan, Nepal during winter season of 2015/16. The experiment was 
laid out in strip-split plot design comprising two hybrids as horizontal factor (Rampur hybrid 4 and 
Rampur hybrid 6), two tillage methods as vertical factors (zero and conventional tillage) and four 
plant populations as sub-sub plot factors (55,555, 69,444, 85,470 and 1,01,010 plants ha-1). Zero 
tillage recorded significantly higher energy output and net energy balance (238.98 and 217.48 MJ ha-
1) as compared to conventional tillage (193.65 and 172.22 MJ ha-1, respectively). Similarly, the plant 
population of 85 thousand plants ha-1 recorded significantly higher energy output and net energy 
balance (233.98 and 212.45 thousand MJ ha-1) than 55 (184.10 and 162.87 thousand MJ ha-1) but 
remained at par with 69 (206.63 and 185.24 thousand MJ ha-1) and 101 thousand plants ha-1 (240.55 
and 218.83 thousand MJ ha-1).  
 
Keywords: Minimum tillage, Zero tillage, Maize, Optimum plant density , Energy use 
efficiency, Maize (Zea mays L.) etc. 
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Maize is the second most important cereal crop in terms of area, production and 
productivity after rice in Nepal (MOAD, 2015; Kandel et al. 2017; Kandel et al. 2018 and 
Thapa et al. 2019). It is cultivated in 0.92 million hectares of lands with the production and 
productivity of 2.28 million metric ton and 2.46 ton ha-1, respectively (MOAD, 2015). Maize 
occupies 30.04% of total cultivated agricultural land and shares about 23.87% of the total 
cereal production of Nepal (MOAD, 2015). It is grown in an area of 9750 ha with the 
production of 29250 metric ton (MT) in Chitwan district and the yield is 3.0 ton ha-1 (MOAD, 
2015). It contributes 3.15% to national GDP and 9.5% to agricultural GDP (MOAD, 
2015).The proportion of maize area consists of 70% in mid hills followed by 22% in terai 
and 8% in high hills (KC et al., 2015). In spite of suitable production environment and high 
yielding varieties of maize, the yield per hectare in Nepal (2.458 ton ha-1) is still very low as 
compared to USA, China and Brazil (10.73, 5.81 and 5.40 metric ton ha-1, respectively). 
Agricultura                                                                                           no. 1 –2 (109-110)/2019                                                                                       Agriculture  
 
63 
Among different factors, hybrids, tillage and plant population can be considered as important 
factors which can contribute to improve grain yield of maize in our condition (Karki et al., 
2015). 
Conservation or reduced tillage is gaining more attention in recent years with 
increasing concerns about natural resource degradation. Intensive tillage systems result in 
increased soil compaction and decreased soil organic matter (Gangwar et al., 2006) and 
biodiversity (Biamah et al., 2000). Sub-soil compaction due to repeated tillage leads to 
reduced water and nutrient use efficiency (Ishaq et al., 2001). Tillage represents half of the 
operations carried out annually in the field. Consequently, there is a potential to reduce 
energy inputs and production costs by reducing tillage (Ozturk et al., 2006).Hence, zero and 
minimum tillage may be introduced to offset the production cost and other constraints 
associated with environment and socio-economic conditions (Jat, Sharma, Rai, Srivastava, 
& Gupta, 2006). So, people are now giving more emphasis to adopt zero tillage practice 
(Bhatt et al., 2004; Khattak, et al., 2004 & Shah et al., 2014). 
Thus, the minimum tillage could be a financially attractive technology for maize 
cultivation in rain fed lands of the mid hill and terai region. Since, minimum tillage or zero 
tillage is able to conserve a substantial amount of soil and nutrient and it has a long-term 
positive impact on the crop yield in comparison to the conventional tillage system (B. K. & 
Shrestha, 2014).This research was conducted to analyze energy use efficiency of hybrid 
maize under different tillage system and planting density. 
 
MATERIALS AND METHODS  
 
Description of the experimental site. A field experiment was conducted during 
winter season (October, 2015 to March, 2016) at the research farm of National Maize 
Research Program (NMRP), Rampur, Chitwan, Nepal. The experimental site is 10 km far 
towards south–west direction from headquarter of Chitwan district, Bharatpur. It is located 
at 27 0 37’ North latitude and 840 25’ East longitude with an elevation of 256 meter above 
mean sea level (Thapa & Dangol, 1988). Geographically, the experimental location falls in 
the inner terai region of central development region of Nepal.  
Weather condition during the course of experimentation. The annual 
precipitation of given area is about 1919.5 mm (NMRP, 2000). The average data at an 
interval of two weeks on different weather parameters i.e., maximum and minimum 
temperatures, total rainfall and relative humidity, recorded during the maize growing season 
at NMRP are presented in Figure 1.  
Experimental details. The experiment was laid out in strip-split plot design 
consisting of 16 treatments with three replications. Four different levels of planting geometry 
(60 cm×30 cm, 60 cm×24 cm, 60 cm×19.5 cm and 60 cm×16.5 cm representing 55,555, 
69,444, 85,470 and 1,01,010 plants ha-1, respectively), two hybrid varieties of maize 
(Rampur hybrid 4 and Rampur hybrid 6) and two tillage methods (conventional and zero 
tillage) were used as the treatments. The size of each plot was 6 m×3.6 m. The distance 
between the replication was 1 m and plots 50 cm.  
Treatment details 
Horizontal factor: Genotypes  
(a) Rampur hybrid 4 (V1) 
(b) Rampur hybrid 6 (V2) 
Vertical factor: Tillage practices 
(a) Zero tillage (ZT) 
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(b) Conventional tillage (CT) 
Sub-sub plot factor: Plant population  
(a) 55,555 plants ha-1 (60 cm×30 cm)  
(b) 69,444 plants ha-1 (60 cm×24 cm) 
(c) 85,470 plants ha-1 (60 cm×19.5 cm) 
 (d) 1,01,010 plants ha-1 (60 cm×16.5 cm) 
 
 
Fig. 1. Weather condition during the course of experimentation at NMRP, Rampur, 
Chitwan, Nepal, 2015/16 
 
Cultural practices. The experimental plots for conventional tillage were prepared 
by ploughing the plots 13 days prior to sowing seeds with tractor. For zero tillage, the field 
was sprayed with glyphosate 47/VL using recommended dose (5 ml per liter of water) to 
make field free from weeds. Manually, stubbles of previous crops and weeds were removed 
prior to sowing seeds. The layout of the field was done by making 48 plots manually using 
tapes, spades and white powder. In the experimental field, FYM was applied as a main 
source of organic fertilizer. The required amount of organic fertilizer (10 t ha-1) was applied 
uniformly in all experimental plots before 10-15 days of seed sowing. The recommended 
dose of fertilizers used in the experiment was 120:60:40 kg N:P2O5:K20 per hectare. 
Chemical fertilizers: urea, diammonium phosphate (DAP) and muriate of potash (MOP) 
were also applied as a main source of nitrogen, phosphorus and potassium, respectively. 
Bold and healthy seeds were selected for the experiment. Three seeds per hill were sown in 
all rows by Jap planter. Seeds were sown at a distance between 30 cm, 24 cm, 19.5 cm and 
16.5 cm for respective treatment with row spacing of 60 cm. Seeds were sown on 3rd of 
October 2015. Gap filling/re-sowing was done 8 days after sowing to maintain optimum 
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Inter culture operation. All intercultural operation like thinning, plant protection, 
weed management, irrigation were followed as per National Maize Research Program 
(NMRP) recommendation 
Data analysis. All the collected data were entered in MS excel and analysis was 
done by using Computer software statistical package R. 
Calculation of energy use efficiency. Energy use efficiency, and net energy were 
determined applying standard equations (Hatirli et al., 2006; Mohammadi et al., 2010) 
Energy use efficiency = (output energy (MJ.ha-1)) / (input energy (MJ.ha-1])  
Net energy = output energy (MJ.ha-1) - input energy (MJ.ha-1) 
 
RESULTS AND DISCUSSIONS  
 
General Energy requirement. Planting materials or agriculture inputs required 
more energy equivalent as compared to labour cost. Application of fertilizer was recorded 
highest energy equivalent followed by irrigation, seed and pesticides respectively. Among 
materilas Urea fertilizer share highest energy equivalent than other fertilizer (i.e. DAP, MOP 
and FYM). In labour cost harvesting required more energy equivalent followed by fertilizer 
application, irrigation, shelling, seed shown by drill and pesticide application cost 
respectively shown in table 2 for 55,555 plants ha-1.Similar pattern was observed for other 
planting density of maize hybrid. Energy requirement was increased as planting density 
increases. Highest equivalent energy was reported for 1,01,010 plants ha-1 followed by 
85,470 plants ha-1, 69,444 plants ha-1and 55,555 plants ha-1 shown in table 3, 4 and 5 
respectively. As plant population increase obviously more number of input required.  
Table 2 
General energy calculation of winter maize at NMRP, Rampur, Chitwan, Nepal, 2015/16 
For 55,555 plants ha-1 
Particulars Unit Quantity 
Equivalent 
 energy (MJ) 
Remarks 
A. Materials cost      
Seed   kg 24 352.8 14.7 MJ/kg 
Fertilizers     
Urea kg 209.8 12,713.88 60.6 MJ/kg 
DAP kg 130.4 1,447.44 11.1 MJ/kg 
MOP   kg 66.66 446.62 6.7 MJ/kg 
FYM tonne 10 3,000 0.3 MJ/kg 
Pesticides     
Atrazine kg 1.5 180 120 MJ/kg 
Irrigation (Diesel cost) L 30 1,689.3 56.31 MJ/kg 
B. Labour cost     
Spraying of atrazine  MDs 3 47.04 1.96 MJ/man-hr 
Fertilizer application MDs 10 156.8 1.96 MJ/man-hr 
Irrigation MDs 8 125.44 1.96 MJ/man-hr 
Seed sowing by manual operating seed drill  MDs 8 125.44 1.96 MJ/man-hr 
Harvesting  MDs 14 219.52 1.96 MJ/man-hr 
Shelling MDs 8 125.44 1.96 MJ/man-hr 











 General energy calculation of winter maize at NMRP, Rampur, Chitwan, Nepal, 2015/16  
For 69444 plants ha-1 





A. Materials cost      
Seed   kg 26.5 389.55 14.7 MJ/kg 
Fertilizers     
Urea kg 209.8 12,713.88 60.6 MJ/kg 
DAP kg 130.4 1,447.44 11.1 MJ/kg 
MOP   kg 66.66 446.62 6.7 MJ/kg 
FYM tonne 10 3,000 0.3 MJ/kg 
Pesticides     
Atrazine kg 1.5 180 120 MJ/kg 
Irrigation (Diesel cost) L 30 1,689.3 56.31 MJ/kg 
B. Labour cost     
Spraying of atrazine  MDs 3       47.04 1.96 MJ/man-hr 
Fertilizer application MDs 12 188.16 1.96 MJ/man-hr 
Irrigation MDs 8 125.44 1.96 MJ/man-hr 
Seed sowing by manual operating seed 
drill  
MDs 10 156.8 1.96 MJ/man-hr 
Harvesting  MDs 16 250.88 1.96 MJ/man-hr 
Shelling MDs 10 156.8 1.96 MJ/man-hr 
Subtotal    20,791.91  
 
Table 4 
General energy calculation of winter maize at NMRP, Rampur, Chitwan, Nepal, 2015/16 
For 85,470 plants ha-1 




A. Materials cost      
Seed   kg 28 411.6 14.7 MJ/kg 
Fertilizers     
Urea kg 209.8 12,713.88 60.6 MJ/kg 
DAP kg 130.4 1,447.44 11.1 MJ/kg 
MOP   kg 66.66 446.62 6.7 MJ/kg 
FYM tonne 10 3,000 0.3 MJ/kg 
Pesticides     
Atrazine kg 1.5 180 120 MJ/kg 
Irrigation (Diesel cost) L 30 1,689.3 56.31 MJ/kg 
B. Labour cost     
Spraying of atrazine  MDs 3 47.04 1.96 MJ/man-hr 
Fertilizer application MDs 14 219.52 1.96 MJ/man-hr 
Irrigation MDs 8 125.44 1.96 MJ/man-hr 
Seed sowing by manual operating seed drill  MDs 12 188.16 1.96 MJ/man-hr 
Harvesting  MDs 18 282.24 1.96 MJ/man-hr 
Shelling MDs 12 188.16 1.96 MJ/man-hr 









General energy calculation of winter maize at NMRP, Rampur, Chitwan, Nepal, 2015/16 
 
For 1,01,010 plants ha-1 




A. Materials cost      
Seed   kg 31.5 463.05 14.7 MJ/kg 
Fertilizers     
Urea kg 209.8 12,713.88 60.6 MJ/kg 
DAP kg 130.4 1,447.44 11.1 MJ/kg 
MOP   kg 66.66 446.62 6.7 MJ/kg 
FYM tonne 10 3,000 0.3 MJ/kg 
Pesticides     
Atrazine kg 1.5 180 120 MJ/kg 
Irrigation (Diesel cost) L 30 1,689.3 56.31 MJ/kg 
B. Labour cost     
Spraying of atrazine  MDs 3 47.04 1.96 MJ/man-hr 
Fertilizer application MDs 16 250.88 1.96 MJ/man-hr 
Irrigation MDs 8 125.44 1.96 MJ/man-hr 
Seed sowing by manual operating seed drill  MDs 14 219.52 1.96 MJ/man-hr 
Harvesting  MDs 20 313.6 1.96 MJ/man-hr 
Shelling MDs 14 219.52 1.96 MJ/man-hr 
Subtotal    21,116.29  
Note: DAP Diammonium phosphate; MOP Muriate of potash; kg kilogram; L Liter, MDs Man days 
Variable energy requirement. Labios et al. (1997) mentioned that tillage practices 
contribute to labour cost in any crop production system resulting to the lower economic 
returns. In this context, growing of maize under conservation (zero) tillage can be one of the 
best options to make the maize production economically more attractive.Variable energy 
requirement of zero tillage and low plant densityof maize hybrid is low as compared to zero 
tillage and maximum planting density however zero tillage is less energy consuming 
technique as compared to conventional tillage for low to high plant density case shown in 
table 6 and 7. Ozturk, Ekinci & Barut, (2006) reported that  there is a potential to reduce 
energy inputs and production costs by reducing tillage. 
Table 6 
Variable energy calculation of winter maize from different treatment combination at NMRP, 
Rampur Chitwan, Nepal, 2015/16 
Treatments 
 
Particulars Unit Quantity Equivalent  
energy (MJ) 
Remarks 




  20,629.72  
Making furrow 
by tractor  
driven furrow 
opener 
hrs 3 19.44 64.80 MJ/kg 
Manual weeding  MDs 20 313.6 1.96 MJ/man-hr 




MDs 8 125.44 1.96 MJ/man-hr 
Fertilizer 
application  
MDs 10 156.8 1.96 MJ/man-hr 
Total     21,245  




  20,791.91  





 driven  furrow 
opener 
hrs 3 19.44 64.80 MJ/kg 
Manual weeding  MDs 20 313.6 1.96 MJ/man-hr 
Seed sowing by 
manual 
 operating seed 
drill 
MDs 10 156.8 1.96 MJ/man-hr 
Fertilizer 
application  
MDs 12 188.16 1.96 MJ/man-hr 
Total     21,469.97  
ZTV1D3 and  
ZTV2D3 
 
General energy  
calculation 





hrs 3 19.44 64.80 MJ/kg 
Manual weeding  MDs 20 313.6 1.96 MJ/man-hr 




MDs 12 188.16 1.96 MJ/man-hr 
Fertilizer 
application  
MDs 14 219.52 1.96 MJ/man-hr 
Total     21,680.12  
ZTV1D4 and  
ZTV2D4 
General energy  
calculation 





hrs 3 19.44 64.80 MJ/kg 
Manual weeding  MDs 20 313.6 1.96 MJ/man-hr 




MDs 14 219.52 1.96 MJ/man-hr 
Fertilizer 
application  
MDs 16 250.88 1.96 MJ/man-hr 






 Variable energy calculation of winter maize from different treatment combination at NMRP, 







  20,629.72  
First 
ploughing  
hrs 3 40.5 64.80 MJ/kg 
Second 
harrowing  
hrs 2 12.96  
Field leveling  hrs 2 12.96  
Making furrow 
by tractor 
hrs 2 12.96  












MDs 8 125.44 1.96 MJ/man-hr 
 Fertilizer 
application  
MDs 10 156.8 1.96 MJ/man-hr 










  20,791.91  
First 
ploughing  
hrs 3 40.5 64.80 MJ/kg 
Second 
harrowing  
hrs 2 12.96  






hrs 2 12.96  
Manual 
weeding  





MDs 10 156.8 1.96 MJ/man-hr 
Fertilizer 
application  
MDs 12 188.16 1.96 MJ/man-hr 






  20,939.4  
First 
ploughing  
hrs 3 40.5 64.80 MJ/kg 
Second 
harrowing  
hrs 2 12.96  






hrs 2 12.96  
Manual 
weeding  
MDs 15 235.2 1.96 MJ/man-hr 
Seed sowing 
by manual 
MDs 12 188.16 1.96 MJ/man-hr 







MDs 14 219.52 1.96 MJ/man-hr 






  21,116.29  
First 
ploughing  
hrs 3 40.5 64.80 MJ/kg 
Second 
harrowing  
hrs 2 12.96  






hrs 2 12.96  
Manual 
weeding  
MDs 15 235.2 1.96 MJ/man-hr 
Seed sowing 
by manual  
operating seed 
drill 
MDs 14 219.52 1.96 MJ/man-hr 
Fertilizer 
application  
MDs 16 250.88 1.96 MJ/man-hr 
Total  21,901.27  
Note: Tractor ploughing with cultivator (3 hrs/ha) = wt of tractor (kg)/ life span (hrs) × MJ × hrs of operation 
= 2500/12000 × 64.8 × 3 = 40.5 
Harrowing/levelling (2 hrs/ha) = 400/4000 × 64.8 × 2 = 12.96 
Furrow opener (3 hrs/ha) = 400/4000× 64.8 × 3 = 19.44 
Energy use efficiency (EUE). Mean energy use efficiency of maize was found to 
be 10.07 which is higher than 2.97 reported by (Lorzadeh et al. 2012) in maize. In hybrid 
maize this ratio is low as compared to Srivastav (2013) reported 11.22 in zero tillage practice. 
Lower energy use efficiency in maize production systems is due to higher energy inputs in 
these systems for example N fertilizer, pesticide application etc. Such indicator was reported 
2.8 for wheat production systems (Streimikiene et al., 2007) and 25.75 for sugar beet (Erdal 
et al., 2007) in Turkey. 
The highest gross output energy and net energy balance was obtained in Rampur 
hybrid 6 (229.35 and 207.88 thousand MJ ha-1) as compared to Rampur hybrid 4 (203.28 
and 181.82 thousand MJ ha-1) respectively. On the other hand, zero tillage recorded 
significantly higher energy output and net energy balance (238.98 and 217.48 MJ ha-1) as 
compared to conventional tillage (193.65 and 172.22 MJ ha-1, respectively). Similarly, the 
plant population of 85 thousand plants ha-1 recorded significantly higher energy output and 
net energy balance (233.98 and 212.45 thousand MJ ha-1) than 55 (184.10 and 162.87 
thousand MJ ha-1) but remained at par with 69 (206.63 and 185.24 thousand MJ ha-1) and 
101 thousand plants ha-1 (240.55 and 218.83 thousand MJ ha-1).Shown in table 8.Zero tillage 
technique is an ecological approach for soil surface management and seedbed preparation 
resulting in less energy requirement, less weed problem, and higher or equal yield (Jain et 
al., 2007). Sharma et al. (2002) reported that zero tillage in wheat saved 5.7 % energy 
compared with CT practices. Similar results were reported in maize and wheat crops (Ram 
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et al., 2010). On the other hand, Srivastav (2013) recorded higher energy use efficiency in 
zero tillage (11.12) as compared to conventional tillage (10.30). Similarly, the plant 
population of 85 thousand plants ha-1 recorded significantly higher energy output and net 
energy balance (233.98 and 212.45 thousand MJ ha-1) than 55 (184.10 and 162.87 thousand 
MJ ha-1) but remained at par with 69 (206.63 and 185.24 thousand MJ ha-1) and 101 thousand 
plants ha-1 (240.55 and 218.83 thousand MJ ha-1). 
Energy use efficiency did not differ significantly with respect to hybrid varieties 
however it was remarkably higher in Rampur hybrid 6 (10.67) as compared to Rampur 
hybrid 4 (9.46). On the other hand, zero tillage recorded significantly higher energy use 
efficiency (11.11) than conventional tillage (9.03). With respect to plant population, 85 
thousand plants ha-1 produced significantly higher energy use efficiency (10.86) as compared 
to 55 thousand plants ha-1 (8.67) but remained at par with 69 (9.66) and 101 thousand plants 
ha-1 (11.08).  
 
Table 8  
Energy input and energy output (×103 MJ ha-1), energy use efficiency and net energy balance of 
maize hybrids as influenced by tillage methods and plant population during winter 










Varieties     
Rampur hybrid 4 21.46 203.28 9.46 181.82 
Rampur hybrid 6 21.46 229.35 10.67 207.88 
LSD (=0.05)  ns ns ns 
SEm (±)  13.92 0.64 13.92 
Tillage methods     
ZT 21.50 238.98a 11.11a 217.48a 
CT 21.43 193.65b 9.03b 172.22b 
LSD (=0.05)  43.88 2.03 43.88 
SEm (±)  7.21 0.33 7.21 
Plant population (ha-1)    
55,555 21.22 184.10c 8.67c 162.87c 
69,444 21.39 206.63bc 9.66bc 185.24bc 
85,470 21.53 233.98ab 10.86ab 212.45ab 
1,01,010 21.71 240.55a 11.08a 218.83a 
LSD (=0.05)  28.78 1.33 28.78 
SEm (±)  9.86 0.45 9.86 
CV, %  15.8 15.7 17.5 
Grand mean 21.46 216.31 10.07 194.85 
Means followed by the common letter(s) within each column are not significantly different at 5 % level of 





Energy use efficiency was remarkably higher in Rampur hybrid 6 as compared to 
Rampur hybrid 4 which might be the reason of getting higher grain yield in Rampur hybrid 
6 .Zero tillage recorded significantly higher energy output and net energy balance as 
compared to conventional tillage Similarly, the plant population of 85 thousand plants ha-1 
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recorded significantly higher energy output and net energy balance but statically at par with 
69 and 101 thousand plants ha-1 
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